Background: Clinically significant weight gain has been reported during treatment with atypical antipsychotics. It has been suggested that weight changes in patients treated with olanzapine may be associated with increased appetite.
Background
Treatment with atypical antipsychotics has been temporally associated with weight gain. Hypotheses about the potential mechanism have included direct effects of the known receptor affinities of each compound [1, 2] , effects on gastric and intestinal hormones [3] , direct or indirect effects on the feeding and satiety centers in the brain [4] , disturbance of the hypothalamus-pituitary-adrenal (HPA) axis [5] , direct effect on insulin sensitivity [6] , decrease in physical activity, and decrease in metabolic rate [7] .
The extent of weight change and changes in metabolic parameters during treatment with antipsychotics varies between drugs. These variations may be due to differences in receptor pharmacology [8] . Kroeze et al. demonstrated that affinity to the histamine H1 receptor predicts weight gain associated with typical and atypical antipsychotics [9] . Olanzapine and clozapine both have high affinities for the 5-HT2C and the histamine H1 receptors, while antagonism of peripheral M3 muscarinic receptor and effects on central 5-HT2C may potentially be related to treatmentemergent diabetes observed independent of obesity.
While potential mechanisms for weight gain have been widely studied, the role of changes in appetite remains poorly understood. It is well known that executive functions are necessary to successfully manage eating behavior, and their impairment and disturbed weight regulation are often observed in patients with schizophrenia treated with antipsychotics. A recent pilot study showed that a delay of gratification and executive performance in individuals with schizophrenia may play a putative role for eating behavior and body weight regulation [10] . Additionally, increasing evidence suggests that general obesity is linked to adverse neurocognitive outcomes. Altered cognitive functions can independently affect the control of appetite [11] . Treatment with both clozapine and olanzapine have been temporally associated with food craving and binge eating [12, 13] .
Previous studies have observed that patients treated with atypical antipsychotics are more reactive to external eating cues as measured by the Three Factors Eating Behavior Questionnaire and the Dutch Eating Behavior Questionnaire [14] . Based on the observation of an association between weight gain and lack of cognitive restraint in the presence of increased appetite, it has been suggested that psychoeducational counseling in conjunction with adjunctive pharmacotherapeutic agents might limit weight gain during antipsychotic drug therapy [15] .
An understanding of the role of appetite changes in weight gain during antipsychotic treatment would be helpful to clinicians and patients, some of whom report substantially increased appetite starting after their first dose of an antipsychotic.
Changes in appetite might serve as early warning signs of risk of weight gain as well as inform treatment decisions. If specific changes in appetite can be expected, patients can be informed in advance and may be better able to manage them. Here we test the hypothesis that changes in appetite might be indicative of a patient's weight gain during treatment with olanzapine.
Methods
Presented are secondary analyses examining potential associations between changes in appetite and weight changes during treatment with olanzapine. The primary study objectives have been reported elsewhere [16] [17] [18] [19] . The study protocols were reviewed and approved by individual institutional review boards prior to enrolling any patients, and the analyses presented here are consistent with the original ethics approvals. The studies were consistent with Good Clinical Practices and all applicable regulatory requirements. All participants provided written informed consent before receiving study therapy or undergoing study procedures.
Study design
Included in the analyses were patients from 4 prospective, phase IV clinical trials examining the efficacy and safety of olanzapine in adult (18 to 65 years old in Studies 1, 2, and 3, ≥18 years old in Study 4) male and female patients diagnosed with schizophrenia, schizoaffective disorder, related psychosis, or bipolar disorder. In Study 1, patients received double-blind oral olanzapine 5-20 mg once daily (QD) for 12 weeks [16] . In Study 2, patients received double-blind oral olanzapine 5-20 mg QD for 16 weeks [18] . In Study 3, patients received open-label oral olanzapine 5-20 mg QD for 22 weeks [19] . Study 4 was an observational study in which patients received oral olanzapine at doses determined by the investigator as appropriate for the individual patient for 6 months (Table 1 ) [17] . Detailed inclusion and exclusion criteria can be found in the primary study reports [16] [17] [18] [19] .
Clinical assessment of appetite
Across all 4 studies, appetite was assessed with 5 different scales: Eating Behavior Assessment (EBA, a Lillydeveloped scale, assessing appetite and eating behavior with 9 standardized questions, grading responses on a scale from 0 to 4, where 0 = not at all and 4 = extremely; not validated; Study 1); Platypus Appetite Rating Scale (PARS, a Lilly-developed visual analog scale; not validated; Study 2); Eating Inventory (EI, Study 3) [20] ; Food Craving Inventory (FCI, Study 3) [21] ; and Eating Attitude Scale (EAS, a Lilly-developed scale, assessing appetite and eating behavior during the past 4 weeks with 10 standardized categories; not validated; Study 4) ( Table 1) .
Statistical analysis
For each study, only patients for whom weight and appetite data at baseline, at 2 weeks (Study 4, 4 weeks), and at ≥1 later visit were available, were included in our analyses. Patients were assigned to distinct groups based on their overall and 2-week (Study 4, 4-week) appetite scale item scores and total scores. Score increase was defined as: positive value on EBA, >+5 units on PARS, >+1 unit on EI, >+1 unit on FCI, or > 0 units on EAS. No change in score was defined as: 0 units on EBA, ≥-5 to ≤+5 units on PARS, ≥-1 to ≤ +1 units on EI, ≥-1 to ≤+1 units on FCI, or 0 units on EAS. Score decrease was defined as: negative value on EBA, <-5 units on PARS, <-1 unit on EI, <-1 unit on FCI, or <0 units on EAS. For each group, mean overall weight change and mean appetite scale score changes were determined using observed case analyses. Additionally, to test the hypothesis of a linear trend between appetite and weight changes (i.e. greater increases in appetite are associated with greater increases in weight), pair-wise comparisons of mean weight changes in the "decrease" versus "no change" and the "no change" versus "increase" appetite groups were conducted. If both of these tests were significant and the magnitudes of the changes followed the hypothesized pattern, a linear trend would be suggested.
Additionally, several Pearson correlation coefficients were assessed and tested for statistical significance: a) between weight changes from baseline to endpoint and score changes on appetite scales from baseline to 2 weeks (Study 4, 4 weeks); b) between weight changes from baseline to endpoint and changes on appetite scales from baseline to endpoint; c) between baseline to endpoint weight changes and 2-week (Study 4, 4-week) weight changes; and d) between overall weight change and 2-week appetite scale changes, adjusted by 2-week weight change (the correlation of appetite changes on the residuals from the regression of endpoint weight changes on 2-week weight changes).
Results

Patients
Baseline demographic data for all patients included in our analyses are presented in Table 2 . The distribution of patient ethnicities was different across all 4 studies. Study 1 included a majority of African American patients, while Studies 2 and 3 included mainly white patients, and the majority of patients in Study 4 selfidentified as East and Southeast Asians.
Weight changes
In all 4 studies, patients experienced statistically significant (p <.05) mean weight increases from baseline to endpoint (Study 1: 86.3 kg at baseline, 89.6 kg at endpoint; Study 2: 81.2 kg at baseline, 84.1 kg at endpoint; Study 3: 85.4 kg at baseline, 90.8 kg at endpoint; Study 4: 64.1 kg at baseline, 68.3 kg at endpoint).
Appetite changes
An increase in patients' appetite from baseline to endpoint was observed in Study 1 (EBA item #1: 1.5 at baseline, 1.7 at endpoint, p = .21; EBA item #2: 1.6 at baseline, 1.6 at endpoint, p = .72; EBA item #3: 1.1 at baseline, 1.2 at endpoint, p = .11; EBA item #4: 0.9 at baseline, 1.1 at endpoint, p = .22; EBA item #5: 2.5 at baseline, 2.5 at endpoint, p = .35; EBA item #6: 0.9 at baseline, 1.1 at endpoint, p = .42; EBA item #7: 0.9 at baseline, 1.0 at endpoint, p = .32; EBA item #8: 0.4 at baseline, 0.6 at endpoint, p = .36; EBA item #9: 0.1 at baseline, 0.3 at endpoint, p = .12), while in Studies 2, 3, and 4, patients' appetites decreased in the course of the trials (Study 2 -PARS: 65.7 at baseline, 58.9 at endpoint, p = .04; Study 3 -EI cognitive restraint: 7.6 at baseline, 11.3 at endpoint, p = .09, EI disinhibition: 8.7 at baseline, 5.4 at endpoint, p = .16, EI hunger: 7.9 at baseline, 4.8 at endpoint, p = .17, FCI total: 65.4 at baseline, 61.5 at endpoint, p <.0001; Study 4 -EAS 1: 1.6 at baseline, 1.4 at endpoint, p <.0001, EAS 2: 1.6 at baseline, 1.4 at endpoint, p <.0001, EAS 5: 2.3 at baseline, 2.1 at endpoint, p <.0001, EAS 6: 1.3 at baseline, 1.1 at endpoint, p <.0001, EAS 7: 1.2 at baseline, 1.1 at endpoint, p <.0001, EAS 8: 0.7 at baseline, 0.5 at endpoint, p = .85, EAS 9: 0.6 at baseline, 0.5 at endpoint, p = .48).
Associations between appetite scale score changes and weight changes
In Studies 1 (EBA) and 4 (EAS), score increases on single appetite assessment scale items, both at 2 or 4 weeks and at last measurement, indicating an increase in appetite, occurred in patients who experienced the greatest overall weight gains (Figures 1a+b, 2a+b) . However, in Studies 2 (PARS) and 3 (EI, FCI), patients who reported score increases on appetite scales items at 2 weeks and/or at last measurement did not consistently experience greater weight changes than patients reporting no score changes or score decreases. The only individual appetite scale item Abbreviations: BID = twice daily; QD = once daily.
that was correlated with later weight increase was an increase in the appetite for fatty fast food at 2 weeks in patients in Study 3 who showed the greatest overall weight change. Analysis of overall total score changes on appetite scales for Studies 1, 2, and 3 (no total score available for Study 4) showed that patients who experienced a decrease in total scores in appetite assessment scales had the lowest weight gains (≤1.6 kg). Statistically significant differences in the pair-wise comparisons among patient groups with distinct appetite rating scale scores were observed in Studies 1 (Figures 1a  and 1b) and 4 (Figures 2a and 2b) , where the "increase" appetite group showed significantly greater weight change than the "no change" appetite group on specific EBA and EAS items. However, the "decrease" appetite groups did not show significantly less weight change than the "no change" appetite groups on these same items.
Correlation coefficients between appetite scale score changes and weight changes
In all 4 studies, early weight changes (2-4 weeks) had stronger correlations to overall weight changes than both overall and early (2-4 weeks) changes on any appetite scale examined (Table 3) . Adjustment of early appetite scale changes by early weight changes demonstrated that early appetite scale assessments in conjunction with early weight changes do not provide additional information for predicting overall weight changes.
Discussion
Our analyses demonstrate an inconsistent association between changes in appetite and weight change during treatment with olanzapine; results varied depending on study and appetite assessment scale used. Overall, early weight changes may be a more useful predictor of longterm weight changes compared with early score changes on appetite assessment scales. To our knowledge, this is the first study exploring a potential correlation between changes in appetite and weight changes during treatment with olanzapine.
Our observation that early weight changes correlate strongly with long-term weight changes is in agreement with earlier findings [22] . The absence of a consistent correlation between changes in appetite and weight changes was an unexpected finding, as one would expect that changes in appetite will result in changes in eating habits and consequently changes in weight. We cannot exclude the possibility that the appetite assessment scales might not have accurately measured appetite in our patient population. However, weight increase during treatment with olanzapine might not be associated with increased appetite. In experiments with female rats, hyperphagia and sedation were observed to occur concomitantly during exposure to olanzapine, two behaviors that interact competitively without necessarily increasing appetite [15, 23] . However, earlier studies with sulpiride showed that there is no weight gain in female rats in the absence of hyperphagia [24] . Another reason for the inconsistency of our observations might be the possibility that weight gain during treatment with olanzapine may be associated with several biochemical mechanisms, which might manifest in a variety of clinical conditions accompanying weight gain [25] . The observed variations in associations between changes on appetite assessment scales and weight changes might also be due to inherent differences between the scales that were utilized and differences among the study populations. One such difference among study populations might be the extent of clinical improvement during therapy. While our analysis is limited by the lack of a subanalysis of clinical improvement versus appetite, it has been observed previously that clinical improvement of psychotic symptoms in patients with schizophrenia seems to coincide with increased food intake [26] . Interestingly, EBA and EAS, which showed within the examined assessment scales the greatest similarities with one another with regard to items included, were also most similar in their assessment results. EBA and EAS were the only appetite scales for which patients with a score increase indicating increased appetite consistently showed the greatest overall weight gains compared with patients with no score increase. Additionally, score increases of several EBA and EAS items that might indicate binge eating showed strong correlations with weight gain.
All correlation analyses were repeated using a 7% increase in weight (clinically significant weight gain) as cutoff point. The results from those analyses were in agreement with the presented data from analyses examining correlations between change in weight and change in appetite assessment scale scores.
Our analyses were limited by the differences in study design across the 4 studies that were utilized: differences included study length, numbers and geographic locations of participating sites (resulting in different patient ethnicities), previous antipsychotic exposure, timing of appetite assessment, co-treatment of some patients in Study 3 with amantadine or metformin, and blinding procedures. Additionally, in Studies 1 and 3 patients received dietary counseling to control potential weight gain, while patients did not receive dietary counseling in Studies 2 and 4. Interestingly, the strongest correlations between change in appetite and change in weight were observed in Study 1, which was also the shortest study included in the current analyses and the only study in which increased appetite was observed (12 weeks versus 16 to 24 weeks for Studies 2, 3, and 4). In Study 2, patients had to have already gained at least 5 kg or 1 unit of body mass index (BMI) before randomization; therefore, most appetite increase probably occurred before the study started, especially when considering that all patients had been receiving olanzapine for 6 to 54 weeks before the 2-week appetite assessment occurred. Consequently, comparisons between Study 2 and Studies 1, 3, and 4 have to be approached very carefully. For all studies analyzed here, it is possible that appetite assessments might not have been administered early enough in the course of treatment to capture meaningful changes; our earliest measurements are at 2 weeks, but changes in appetite might have occurred as early as Day 1 of treatment, and by 2 weeks weight changes were as informative as appetite changes. Additionally, the use of different appetite assessment scales limits comparisons across studies and most of the appetite scales used here have not been validated. Within each study, appetite assessment scales Coefficients between overall weight change and 4-week appetite scale changes or 4-week weight change. c partial Pearson Correlation Coefficients between overall weight change and 2-week appetite scale changes, adjusted by 2-week weight change (the correlation of appetite changes on the residuals from the regression of endpoint weight changes on 2-week weight changes). *p < .05; **p < .01; ***p < .001.
were administered repeatedly to all patients, which might have desensitized the scales and resulted in a loss of accuracy. Also, the analyses were not adjusted for baseline psychopathology in the different patient groups and for dose of olanzapine. Finally, the cutoffs to define patient groups that experienced appetite scale score increases, no change, or decreases were based on clinical experience, but without access to previous reports in the literature to guide this decision. Future research is warranted to further assess the validity of the chosen cutoffs.
Conclusion
In conclusion, no consistent correlation between changes in appetite and weight changes could be observed in our analysis. However, when it was present, it was in the expected direction, and the trend was consistently in the expected direction. Consequently, appetite change should be considered in patient care, but when regular weight monitoring is performed, appetite does not add additional information predicting future weight changes during treatment with olanzapine: early weight change may be a more useful predictor for longterm weight change. Patients who experience early weight gain or are otherwise at risk for significant weight gain during olanzapine treatment should receive regular monitoring of weight and lifestyle educational programs early in the course of illness and of treatment.
